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ABSTRACT
Black hole transients during bright outbursts show distinct changes of their spectral and
variability properties as they evolve during an outburst, that are interpreted as evidence for
changes in the accretion flow and X-ray emitting regions. We obtained an anticipated XMM-
Newton ToO observation of H 1743-322 during its outburst in September 2014. Based on data
of eight outbursts observed in the last 10 years we expected to catch the start of the hard-
to-soft state transition. The fact that neither the general shape of the observed power density
spectrum nor the characteristic frequency show an energy dependence implies that the source
still stays in the low-hard state at the time of our observation near outburst peak. The spec-
tral properties agree with the source being in the low-hard state and a Swift/XRT monitoring
of the outburst reveals that H 1743-322 stays in the low-hard state during the entire outburst
(a. k. a. ‘failed outburst’). We derive the averaged QPO waveform and obtain phase-resolved
spectra. Comparing the phase-resolved spectra to the phase averaged energy spectrum reveals
spectral pivoting. We compare variability on long and short time scales using covariance spec-
tra and find that the covariance ratio does not show an increase towards lower energies as has
been found in other black hole X-ray binaries. There are two possible explanations: either
the absence of additional disc variability on longer time scales is related to the rather high
inclination of H 1743-322 compared to other black hole X-ray binaries or it is the reason
why we observe H 1743-322 during a failed outburst. More data on failed outbursts and on
high-inclination sources will be needed to investigate these two possibilities further.
Key words: X-rays: binaries – X-rays: individual: H 1743-322 – binaries: close – black hole
physics
1 INTRODUCTION
H 1743-322, located at a distance of 8.5±0.8 kpc (Steiner et al.
2012), was discovered by the Ariel V satellite during a bright out-
burst in 1977 (Kaluzienski & Holt 1977a). Observations with the
HEAO-I satellite allowed to determine the position more accurately
and ruled out an association with 4U 1755–388 (Kaluzienski &
Holt 1977b). It belongs to the few sources where X-ray jets have
been imaged (Corbel et al. 2005). H 1743-322 has very frequent
outbursts, unlike most of the other black hole transients (BHTs). It
showed its brightest outburst in 2003 (∼100 cts/s in RXTE/ASM)
that was studied by RXTE and INTEGRAL (Parmar et al. 2003;
Homan et al. 2005; Capitanio et al. 2005; Joinet et al. 2005; Mc-
Clintock et al. 2009), followed by outbursts in September 2004,
September 2005, and January 2008 (Kalemci et al. 2008). After the
? Based on observations obtained with XMM-Newton, an ESA science mis-
sion with instruments and contributions directly funded by ESA Member
States and NASA.
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source showed a “failed” outburst in October 2008 (Capitanio et al.
2009) it showed another (“full”) outburst in July 2009 (Motta et al.
2010). Three additional outbursts have been observed in Decem-
ber 2009/ January 2010, August 2010 and April 2011 (Zhou et al.
2013). Further outbursts have been reported in December 2011/Jan-
uary 2012 (Negoro et al. 2012), September 2012 (Shidatsu et al.
2012, 2014) and August 2013 (Nakahira et al. 2013). Most out-
bursts reached around 20 cts/s in RXTE/ASM 1.5 – 12 keV range,
with the “failed” outburst in 2008 being the faintest one with ∼10
cts/s in RXTE/ASM (see Fig. 1 in Zhou et al. 2013, for a longterm
RXTE/ASM light curve). Based on the X-ray dipping behaviour
observed in one observation it is believed that the inclination angle
of its accretion disc is relatively high (>70◦) to our line of sight
(Homan et al. 2005). A systematic study of the effect of orbital in-
clination on the shape of the HID and the accretion disc temperature
supports a high inclination angle for H 1743-322 (Mun˜oz-Darias
et al. 2013).
Regarding the outburst evolution of BHTs there are two dis-
tinct patterns. Most BHTs evolve from the low hard state (LHS)
through the hard and soft intermediate states (HIMS, SIMS) into
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the high soft state (HSS), before they return at a substantial lower
luminosity passing again the intermediate states (Stiele et al. 2011)
back to the LHS. Some BHTs stay in the LHS during the entire out-
burst (see Capitanio et al. 2009, for a list of BHTs that show LHS-
only outbursts). Individual states have distinct timing properties.
Power density spectra (PDS) obtained in the LHS are dominated
by band-limited noise (BLN) and can show quasi-periodic oscil-
lations (QPOs). When the BHT goes from the LHS to the HIMS
the PDS obtained in the energy range covered by the RXTE/PCA
detector (i. e. >2 keV) show an increasing amplitude and centroid
frequency of the (type-C) QPO (see Wijnands et al. 1999; Casella
et al. 2005; Belloni et al. 2011, for a classification of the different
QPO types). Investigations of PDS in different energy bands, in-
cluding softer energies, revealed the existence of two distinct power
spectral shapes at soft and hard X-rays at the onset of the HIMS (Yu
& Zhang 2013; Stiele & Yu 2014).
In 2008 H 1743-322 showed an outburst in which it went to
the HIMS, but then returned to the LHS without ever reaching the
soft states. Compared to previous outbursts, where the source went
to the HSS, the inner disc temperature did not vary substantially
during outburst evolution and remained rather high for a HIMS
(Tin ≈ 0.8keV), while the inner disc radius decreased and the flux
of the blackbody component increased (Capitanio et al. 2009). Cap-
itanio et al. (2009) supposed that the returning to the LHS without
entering into the soft states was connected to a premature decrease
of the mass accretion rate. This kind of outburst that does not make
it to the soft state was dubbed “failed” outburst by Capitanio et al.
(2009). This naming is somewhat misleading since an outburst has
taken place and as no outburst is bound to reach the soft state.
1.1 The 2014 outburst
To get an impression of the behaviour of H 1743-322 during its
outburst in 2014, we derived a hardness intensity diagram (HID;
Homan et al. 2001; Belloni et al. 2005; Homan & Belloni 2005;
Gierlin´ski & Newton 2006; McClintock & Remillard 2006; Fender
et al. 2009; Belloni 2010) using Swift/XRT (The X-ray Telescope;
Burrows et al. 2000; Hill et al. 2000) data. Swift/XRT window tim-
ing mode data were taken between September 16 and October 10.
The hardness ratio was obtained by dividing the count rate in the 3.0
– 10.0 keV band by the count rate in the 0.8 – 3.0 keV band. From
the HID (Fig. 1) it is obvious that the source showed very little
spectral evolution and that its spectrum remained rather hard during
the entire outburst. In the observation that is softest the source still
shows a fractional rms value above 30 per cent. Such high variabil-
ity is only seen when a BHT is in the LHS, while in the soft states
rms values below 5 per cent are observed (see e. g. Mun˜oz-Darias
et al. 2011). The energy spectrum obtained during this observation
can be described well (χ2/dof=949.1/817) by an absorbed power
law with a photon index of 1.73+0.06−0.05. The spectral and timing prop-
erties indicate that the source remained hard and that H 1743-322
did not reach the soft states during its 2014 outburst.
2 XMM-Newton OBSERVATION AND DATA ANALYSIS
In this paper, we present a comprehensive spectral and variability
study of H 1743-322 based on an XMM-Newton (Jansen et al. 2001)
observation obtained on September 24th 2014 (PI: Stiele; exposure
time 51.436 ks). This observation was taken during outburst rise,
about ten days after the detection of renewed activity of H 1743-322
Figure 1.Hardness intensity diagram derived using Swift/XRT window tim-
ing mode data, obtained between September 16 (red triangle) and October
10. For comparison the HIDs of the 2013 (blue X) and 2009 (green squares)
outbursts are shown.
by INTEGRAL (Ducci et al. 2014). A series of Swift ToO observa-
tions were proposed to trace the low frequency QPO and spectral
evolution in H 1743-322, which helped us to trigger an observa-
tion with XMM-Newton of its brightest hard state usually expected
just before a hard-to-soft transition. H 1743-322 was observed with
the EPIC/pn camera (Stru¨der et al. 2001) in timing mode. We fil-
tered and extracted the pn event file, using standard SAS (version
14.0.0) tools, paying particular attention to extract the list of pho-
tons not randomized in time. As the SAS task epatplot showed
no significant deviations of the observed pattern distribution from
the theoretical prediction in the 0.8 – 8 keV range, the observa-
tion was not affected by pile-up and we extracted source photons
from a 15 column wide strip centred on the column with the highest
count rate (316RAWX645). We selected single and double events
(PATTERN64) for our study.
2.1 Timing analysis
We extracted light curves and produced power density spectra
(PDS) in different energy bands (individual bands are specified
in Sect. 3) for the longest continuous exposure available (a seg-
ment of 31.8 ks). After verifying that the noise level at frequen-
cies above 30 Hz is consistent with the one expected for Pois-
sonian noise (Zhang et al. 1995), we subtracted the contribution
due to Poissonian noise, normalised the PDS according to Leahy
et al. (1983) and converted to square fractional rms (Belloni &
Hasinger 1990). The PDS were fitted with models composed of
zero-centered Lorentzians for BLN components, and Lorentzians
for QPOs following Belloni et al. (2002).
Furthermore, we derived covariance spectra following the ap-
proach described in Wilkinson & Uttley (2009). As reference band
we used the energy range between 1 and 4 keV, taking care to ex-
clude energies from the reference band that are in the channel of
interest.
2.2 Spectral analysis
We also extracted the averaged energy spectrum. As for the timing
study we used the EPIC/pn data and selected source photons from
a 15 column wide strip in RAWX centred on the column with the
highest count rate, including single and double events. No energy
c© 2016 RAS, MNRAS 000, 1–9
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Figure 2. Power density specta obtained in the 0.8 – 2 keV (upper panel)
and 2 – 8 keV (lower panel) energy ranges. The best fit model (red line) and
the four individual components (orange dashed lines) are indicated.
selection has been applied here. Background spectra have been ex-
tracted from columns 3 to 5. Using standard SAS tools (rmfgen and
arfgen) and the latest calibration files the corresponding redistri-
bution matrix and ancillary response file have been determined.
Since energy spectra obtained from EPIC/pn fast-readout
mode data are known to be affected by gain shift due to Charge-
transfer inefficiency (see Dı´az Trigo et al. 2014) and show excess
emission below ∼1 keV (see e. g. Martocchia et al. 2006), we also
produced calibrated RGS (Reflection Grating Spectrometers; den
Herder et al. 2001) event lists, energy spectra, and response matri-
ces using the SAS task rgsproc. Due to the presence of this soft
excess emission we limited our spectral studies to energies above
0.8 keV, the limit suggested in the EPIC calibration status report1.
We included lower energies in the case of spectral ratios, as the
division should remove the contribution of the excess emission, as-
suming that it is constant on the time scales considered.
3 RESULTS
3.1 Timing properties
The broadband PDS (2 – 8 keV) can be well fitted by two zero
centered Lorentzians describing the BLN components and two
peaked Lorentzians for the QPO and its upper harmonic located
at 0.2513 ± 0.0005 and 0.515 ± 0.003 Hz (Fig. 2). In the soft band
(0.8 – 2 keV) PDS the same components are present and we do not
see any hint of additional disc variability at low frequencies. In the
1 version 3.7, edited by M. J. S. Smith (ESAC) on behalf of the EPIC
Consortium; available at http://xmm2.esac.esa.int/docs/documents/CAL-
TN-0018.pdf
Figure 3. Energy dependence of the measured characteristic frequency (up-
per panel) and amplitude (lower panel). The BLN component is indicated
by (red) crosses, the QPO and its harmonic are indicated by (blue) stars and
(green) diamonds, respectively. The observed behaviour corresponds to the
one normally seen during the LHS.
Table 1. PDS parameters
component rms [%] νa [Hz] ∆b [Hz]
0.8 – 2 keV
BLN 1 25.28+0.55−0.73 0
c 0.48+0.02−0.03
BLN 2 12.16+1.59−1.65 0
c 6.9+3.1−3.0
QPO 12.69 ± 0.32 0.2524+0.0009−0.0008 0.0134+0.0013−0.0012
QPO uh 5.90+0.60−0.57 0.515 ± 0.006 0.025+0.009−0.008
2 – 8 keV
BLN 1 25.82+0.21−0.22 0
c 0.48 ± 0.01
BLN 2 14.96+0.34−0.35 0
c 5.8 ± 0.4
QPO 14.63 ± 0.23 0.2513 ± 0.0005 0.0124 ± 0.0007
QPO uh 6.12+0.27−0.28 0.514 ± 0.003 0.021 ± 0.004
Notes:
a: centroid frequency
b: half width at half maximum (HWHM)
c: zero centered Lorentzian
c© 2016 RAS, MNRAS 000, 1–9
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Figure 4. Covariance ratios derived by dividing covariance spectra on long
timescales by those on short timescales. Time scales and binning used and
corresponding components are indicated in each panel. In top panel Wilkin-
son & Uttley (2009) indicates that we used the time scales / binning of this
paper.
Figure 5. Reconstructed QPO waveform. For clarity, two cycles are plotted.
Figure 6. Combined RGS and EPIC/pn spectra in the 0.8 – 2 keV and 0.8 –
10 keV range. The best fit model and individual components are indicated.
Details on the model best-fit can be found in Sec. 3.2 and Table 2.
c© 2016 RAS, MNRAS 000, 1–9
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soft band the variability in the QPO and in BLN 2 are smaller than
in the 2 – 8 keV band. All parameters are given in Table 1. To study
the energy dependence of the rms amplitude and of the characteris-
tic frequency (νmax =
√
ν2 + ∆2, where ν is the centroid frequency,
and ∆ is the half width at half maximum Belloni et al. 2002), we
fit PDS obtained in energy bands with a width of 1 keV. These
narrow band PDS are well described by a single BLN component
(BLN 1) and the QPO and its upper harmonic. Naturally, the narrow
energy bands contain significantly less photons than the broad 2 – 8
keV band which leads to a reduced signal-to-noise ratio in the PDS
which becomes quite evident as significantly increased error bars at
high frequencies (i. e. short time scales) that hamper constraining
BLN 2. This effect is already evident from a comparison of the soft
and broadband PDS shown in Fig. 2. The rms spectrum of the BLN
component (red crosses in lower panel of Fig. 3) shows a slight
decrease with increasing energy. This kind of energy dependence
is observed during the LHS only. In a study of XTE J1650–500
and XTE J1550–564 Gierlin´ski & Zdziarski (2005) found that the
rms spectrum in the LHS at energies below 10 keV is either flat or
decreases with increasing energy, as seen here. The rms spectra of
other states presented in Gierlin´ski & Zdziarski (2005) do not show
this kind of energy dependence at energies below 10 keV. A similar
shape of the rms spectrum as found here has been observed for the
BLN of the 2008 observation of H 1743-322 – where the BLN was
observed at a similar frequency as here – and for the BLN compo-
nent with the highest characteristic frequency – which was above 1
Hz – in two observations of GX 339–4 taken during LHS (Stiele &
Yu 2015).
The measured characteristic frequency of the BLN as well as
of the QPOs does not show a strong energy dependence and stays
rather flat (upper panel of Fig. 3). According to our study on the
BLN in a sample of BHTs (Stiele & Yu 2015) this behaviour of
the BLN is seen in the early phases of the LHS, while later on the
characteristic frequency is lower at softer energies.
The value of the characteristic frequency of the QPO, the sim-
ilar shape of the PDS at soft and harder energies, the shape of the
rms spectrum, and the energy dependence of the characteristic fre-
quency of the BLN are all consistent with H 1743-322 being in the
LHS at the time of our XMM-Newton observation.
3.1.1 Covariance ratios
In addition, we derived covariance spectra on short and long
timescales and obtained covariance ratios dividing the long
timescale covariance spectrum by the short one. Deriving ratios of
covariance spectra we can remove features in the spectra that are
caused by gain shift due to Charge-transfer inefficiency and excess
emission below ∼1.3 keV, as these effects affect the spectra in the
same way on the time scales used in this paper. Thus, using ra-
tios of spectra we can go to lower energies without worrying about
spectral distortion due to the soft excess emission. Using the same
timescales as in Wilkinson & Uttley (2009): shorter time scales
0.1 s time bins measured in segments of 4 s; longer time scales 2.7 s
time bins in segments of 270 s; the ratio (long/short) of these two
spectra (shown in Fig. 4) is mostly flat down towards the lower end
of the energy scale contrary to the increase of the covariance ratio
towards lower energies, which has been reported by Wilkinson &
Uttley (2009) who studied GX 339-4 and Swift J1753.5-0125 dur-
ing a later phase of the LHS. Taking a look at the PDS (Fig. 2) we
find that the short timescale 0.25 Hz start frequency bin is the char-
acteristic QPO frequency, and the 5 Hz end bin is the frequency of
BLN 2. We adjust the short timescale range using 0.05 s time bins
measured in segments of 1.5 s. This range now comprises the de-
caying part of the PDS at higher frequencies, excluding the QPO
and its upper harmonic. To make sure that the longer timescale
range is also not affected by the QPO, we use 3 s time bins in seg-
ments of 270 s. Comparing covariance on long to short timescales
we still obtain a flat ratio (see Fig. 4). In addition, we define a time
range that contains the QPO and its upper harmonic using 0.8 s time
bins in segments of 6.4 or 5.7 s, to avoid overlap with the longer
timescale range defined above. The covariance ratios derived from
the frequency range of the QPO and of frequency ranges at higher
or lower frequencies have also an overall flat shape (Fig. 4). In the
energy range between 1 – 3 keV there may be some additional vari-
ability in the flat top noise compared to the QPO frequency range,
while there seems to be additional variability in the decaying part
over the QPO frequency range around 2 keV. To exclude that the re-
sults shown here are affected by intrinsic time lags in the data, we
measured cross-spectral phase-lags between various energy bands,
and we have confirmed that the lags between hard and soft band
variations are smaller than the time bin sizes used to make the long
and short time-scale covariance spectra (Wilkinson & Uttley 2009).
3.1.2 QPO waveform
Ingram & van der Klis (2015) presented an approach to recon-
struct the QPO waveform assuming a periodic function and using
the amplitudes of and the phase difference between the QPO (or
fundamental or first harmonic) and its upper (or second) harmonic.
This reconstruction requires that a well-defined average underlying
waveform exists, which can be tested by measuring that the ratio of
the harmonic amplitudes and the phase difference between harmon-
ics are clearly distributed around a mean value. In case of a highly
non-linear decohering process a bias to the estimated underlying
waveform may be introduced or it may be difficult to define a true
waveform. As we do not have a full understanding of all the pro-
cesses decohering the QPO, we define the waveform as a periodic
function with the average QPO properties.
We split the light curve of 31.8 ks continuous exposure into
M = 520 segments, with each segment containing N = 2048 time
bins of a duration that equals five times the frame time. These val-
ues are chosen based on the assumption that the QPO can be re-
garded as periodic for Q cycles, where Q = ν/(2∆) is the quality
factor. As the broadband PDS (Fig. 2) shows a QPO and its upper
harmonic at 0.2513 ± 0.0005 and 0.515 ± 0.003 Hz we can use the
centroid frequency and width of these features to measure the rel-
ative strength of each harmonic and the phase difference between
the harmonics in each segment. The technical details can be found
in Ingram & van der Klis (2015). The resulting averaged waveform
is shown in Fig. 5.
3.2 Spectral properties
We fitted the averaged EPIC/pn spectrum within isis V. 1.6.2
(Houck & Denicola 2000) in the 0.8 – 10 keV range, grouping
the data to a minimum number of 20 channels and to a minimum
signal-to-noise ratio of 3. Grouping data allows us to use χ2 min-
imisation to obtain the best fit. We included a systematic uncer-
tainty of 1 per cent. We used an absorbed (tbabs) disc blackbody
(diskbb) plus a thermal Comptonisation component (nthcomp)
with a Gaussian to attribute for emission of the Fe line at ∼6.7 keV.
We included additional Gaussian components to model the excess
emission below 1.3 keV and the features caused by gain shift due
c© 2016 RAS, MNRAS 000, 1–9
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to Charge-transfer inefficiency around 1.8 and 2.2 keV (Hiemstra
et al. 2011; Dı´az Trigo et al. 2014). This resulted in a fit with χ2red =
63.2/84 (Fig. 6). The individual spectral parameters are given in
Table 2. To check how the features around 1.8 and 2.2 keV affect
the spectral parameters we excluded the energy range between 1.7
and 2.3 keV from the EPIC/pn spectrum and repeated the fit with
the model used above (χ2red =38.4/76; Fig. 6). We found an increase
in the inner disc radius and a slight decrease of the inner disc tem-
perature (see Table 2). Nevertheless, the values of both parameters
are consistent within error bars in both cases. To investigate the ef-
fect of the soft excess emission on the parameters of the thermal
component, we included RGS data using the 0.8 – 2 keV range. As
we are only interested in the general shape of the RGS spectra and
not in individual absorption or emission lines in this energy range,
we grouped RGS data to a minimum number of 5 channels and
to a minimum signal-to-noise ratio of 3. Using the same model as
above we obtained a fit with a χ2red of 389.7/333 (Fig. 6). The in-
dividual spectral parameters are consistent with the ones obtained
from EPIC/pn data only (Table 2). Including RGS data allowed us
to constrain better the spectral parameters of the disc blackbody
component.
The photon index of 1.52+0.01−0.02 is at the low end of the photon
index range seen in the LHSs of H 1743-322 (Stiele et al. 2013),
providing spectral evidence that the source was still too hard for
the hard-to-soft state transition to occur. The low photon index is
consistent with the photon indices of later Swift observations that
showed that the source stayed in the hard state during the entire
outburst.
From our spectral fits we obtained a foreground absorption of
NH = 2.01+0.02−0.01 × 1022 atoms cm−2. A similar foreground absorp-
tion has been obtained from three INTEGRAL, seven Chandra,
and three Suzaku observations (Parmar et al. 2003; Miller et al.
2006; Corbel et al. 2006; Shidatsu et al. 2014). The INTEGRAL
observations and four of the Chandra observations were taken dur-
ing outburst in 2003, while the remaining Chandra data were ob-
tained in 2004 when H 1743-322 was in quiescence. The Suzaku
observations were taken in 2012. A lower foreground absorption of
NH = 1.6 ± 0.1 × 1022 atoms cm−2 has been reported based on a
Swift/XRT observation in Window-Timing mode obtained during
the 2008 outburst (Capitanio et al. 2009).
An inner disc radius of around 30 km, similar to the value
obtained in our study, has been derived from the disc-blackbody
normalization during the 2008 (failed) outburst using RXTE/PCA
observations (Motta et al. 2010). The inner disc temperature from
our XMM-Newton observation is much lower than the temperatures
reported from the 2008 outburst with RXTE (Motta et al. 2010).
This can be explained by the fact that the PCA instrument covered
a harder energy band and thus only energy spectra obtained dur-
ing a later phase of the outburst when the accretion disc is hotter
require a thermal component. In the study of the 2008 outburst re-
ported by Motta et al. (2010) spectral fits of most observations did
not require a thermal component, and only for observations cor-
responding to the softest points in the HID of the failed outburst
a disc blackbody component, with Tin ∼ 0.74, was needed. From
the combined spectral fit we obtain an unabsorbed flux F0.8−10keV =
9.23×10−9 erg cm−2 s−1 in the 0.8 to 10 keV energy range, corre-
sponding to a luminosity L0.8−10keV = 7.97×1037 erg s−1, assuming
a distance of 8.5 kpc (Steiner et al. 2012).
Figure 7. Spectra corresponding to four QPO phases. Phases are selected
to be representative of rising (φ = 0.3125), peak (φ = 0.5), falling (φ =
0.6875) and trough (φ = 0.875) intervals. The line indicates the best-fit
model obtained from the averaged spectrum. In addition, residuals between
the phase resolved spectra and the best-fit model are shown.
3.2.1 QPO phase resolved energy spectra
To obtain QPO phase resolved energy spectra, we can reconstruct
the QPO waveform in each energy channel following Sec. 3.1.2.
Alternatively, we can make use of the fact that we have already re-
constructed the full band QPO waveform and measure the phase
lag at each harmonic between each energy channel and the full
band (Ingram & van der Klis 2015) . This approach allows us to
maximise signal to noise.
In Fig. 7 we plot spectra for four QPO phases, along with
the best-fit model obtained for the averaged spectrum. In addition,
residuals between the phase resolved spectra and the best-fit model
are shown. Comparing the phase resolved spectra to the best-fit
model we see indications of spectral pivoting. Spectral pivoting
with QPO phase is also observed in GRS 1915+105 (Ingram & van
der Klis 2015). For the spectrum corresponding to the trough inter-
val the Comptonisation part agrees with the best-fit model, while
the data point at lower energies, where the disc component con-
tributes to the spectrum, are shifted to lower count rates compared
to the model. For the remaining three phase resolved spectra there
is better agreement of the disc dominated part of the spectra, while
the Comptonised emission seems to be harder or containing addi-
tional contribution of a reflection component. Comparing the shape
of the phase resolved spectra to the one of the best-fit model, the
pivot takes place around 3 – 4 keV.
c© 2016 RAS, MNRAS 000, 1–9
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Table 2. Spectral parameters obtained by fitting the averaged RGS & EPIC/pn spectra.
component EPIC/pn full EPIC/pn gap RGS & EPIC/pn gap
NH [cm−2] 2.01+0.04−0.02 × 1022 2.01+0.04−0.06 × 1022 2.01+0.02−0.01 × 1022
Rin[km]‡ 29+16−15 37
+31
−28 35
+20
−14
Tin [keV] 0.34+0.05−0.04 0.30
+0.10
−0.04 0.30
+0.03
−0.02
Γ 1.52+0.02−0.06 1.52
+0.02
−0.05 1.52
+0.01
−0.02
kTe [keV] 9+10−2 9
+7
−2 9 ± 1
Nnthcomp 0.163+0.005−0.007 0.168
+0.005
−0.013 0.168
+0.003
−0.005
NFe 3.9+1.1−0.9 × 10−4 3.8+1.1−1.0 × 10−4 4.0+0.6−0.5 × 10−4
EFe [keV] 6.73+0.10−0.11 6.73 ± 0.11 6.73+0.06−0.05
σFe [keV] 0.47+0.15−0.12 0.46
+0.13
−0.11 0.46
+0.07
−0.06
Crgs1 1.054 ± 0.007
Crgs2 0.999 ± 0.007
Notes:
‡: derived from the disc-blackbody normalization, assuming a distance of 8.5± 0.8 kpc and an inclination of θ = 75± 3◦ (Steiner et al. 2012)
4 DISCUSSION
From the evolution of the source during previous outbursts we ex-
pected to catch H 1743-322 during the transition from the LHS to
the HSS. The fact that neither the general shape of the observed
PDS nor the characteristic frequency shows an energy dependence
suggests that the source is actually observed during a state that is
consistent with the LHS during an early rising phase of the out-
burst but at an X-ray luminosity high enough for the hard-to-soft
transition to occur. The spectral parameters also indicate that the
source is in the LHS at the time of our XMM-Newton observation.
The observed photon index is at the low end of the photon index
range seen in the LHSs of H 1743-322 (Stiele et al. 2013), pro-
viding spectral evidence that the source was still too hard for the
hard-to-soft state transition to occur. The Swift follow-up observa-
tions show that H 1743-322 remains in the LHS during its entire
2014 outburst (see Fig. 1).
The QPO phase resolved spectra show indications of spectral
pivoting. A similar result has been obtained for one of the observa-
tions studied in Ingram & van der Klis (2015). Interestingly, Ingram
& van der Klis (2015) observe a decrease of the ratio of the QPO
phase resolved spectra to the mean spectrum with lower energy dur-
ing QPO peak and an increase during trough, while we observe an
increase with lower energy during QPO peak and a decrease during
trough. Spectral pivoting has been reported for hard state observa-
tions of Cyg X–1 with a pivot energy of ∼50 keV (Zdziarski et al.
2002), so much higher than the 3 – 4 keV range here. In this study
the spectral pivoting has been addressed to changes of the accretion
geometry that affect the seed photon population and lead to spec-
tral pivoting on time scales of days. The spectral changes related
to QPO phases suggest that type-C QPOs are caused by changes in
Comptonization or in the reflection hump that take place on time
scales of a few seconds. Spectral changes on such short time scales
may be driven by changes in the accretion geometry. A model that
relates type-C QPOs to a geometric origin is the Lense-Thirring
precession model (Stella & Vietri 1998; Ingram et al. 2009).
At the moment, there is no general agreement on the reason
why BHTs sometimes tend to stay in the LHS and just start to de-
crease in luminosity after some time, while during other outbursts
they go through the whole cycle including the soft states. In a sys-
tematic study of the hard-to-soft state transitions in Galactic X-ray
binaries, Yu & Yan (2009) find that the transition luminosity ac-
tually correlates with the rate-of-increase of the X-ray luminosity
among outbursts or flares in persistent X-ray binaries. They suggest
that the outbursts or flares during which the sources stay entirely in
the hard state correspond to those cases with relatively higher rate-
of-increase of the mass accretion rate, and the expected transition
luminosity due to the correlation is substantially higher than the
observed X-ray luminosity a source can reach. A previous com-
parative study of the timing and spectral properties of H 1743-322
during its 2008 and 2009 outbursts finds that the rms values of the
PDS and the centroid frequencies of the type-C QPOs are consis-
tent between the two outbursts, as is the evolution of the spectral pa-
rameters (Motta et al. 2010). Investigating correlations between the
centroid frequency of the QPO and spectral parameters Stiele et al.
(2013) finds that the correlations obtained from the 2008 “failed”
outburst are consistent with correlations observed during other out-
bursts.
With respect to the open question of an observable that al-
lows to predict the subsequent outburst evolution it is interesting
to notice that in the present observation the covariance ratio shows
a slight decrease towards lower energies. In studies of later phases
of the LHS of GX 339-4 and Swift J1753.5-0125 Wilkinson & Utt-
ley (2009) detect an increase in the covariance ratio towards lower
energies that they interpret as additional disc variability on longer
scales. In our recent studies of the BLN in black hole X-ray binaries
(Stiele & Yu 2015) we notice that for an observation of H 1743-
322 taken during early outburst rise (about four days before the
onset of the RXTE monitoring) in 2008 the covariance ratio is flat.
This implies that H 1743-322 in the 2008 and 2014 outbursts lacks
of coherent variability at soft energies below 1 keV observed by
XMM-Newton, indicating that the emission in the soft band is nei-
ther dominated by the Comptonized component nor the disc com-
ponent, leading to a mixed and uncoupled variability.
There are two possible explanations why covariance ratios
of the two H 1743-322 observations differ from those observed in
other sources like GX 339-4 or Swift J1753.5-0125. H 1743-322
shows absorption dips (Homan et al. 2005; Miller et al. 2006),
which indicates that the inclination of the source is relatively high,
probably around 80◦, while the remaining sources studied in Stiele
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& Yu (2015) have lower inclination (below 70◦; see appendix B of
Motta et al. 2015, for a summary on the inclination of 13 X-ray bi-
naries). The fact that we see H 1743-322 more edge-on than other
sources like GX 339-4 can explain why the contribution of addi-
tional disc emission on longer time scales does not show up in the
covariance ratio of H 1743-322. Another possible explanation can
be related to the fact that both observations of H 1743-322 are taken
during a failed outburst. In this case the presence or absence of ad-
ditional soft band variability on longer time scales, which might
indicate effective propagation of the mass accretion rate variation
in the disc flow towards the emission region responsible for the soft
band emission, might be the signature whether a source goes into a
full or failed outburst, respectively. At the moment, this is specula-
tive and further studies including more data on failed outbursts and
on high-inclination sources would be needed to test this picture.
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